Fluorination — a novel pretreatment for wool to

impart shrink resistance
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The use of gaseous fluorination as a pretreatment for wool has been assessed and compared with
cerona discharge. Mechanicai and shrinkage properties have been examined both before and after
the application of two commercial shrinkprocfing polymers. Fluorination reduces fabric shrinkage
during washing, and the subsequent application of low levels of Basolan MW imparts machine

washability with no impairment of fabric handle.

INTRODUCTION

The replacement of wet-finishing treatments with low- or
zero-effluent processes is now a priority for the textile
industry. The wool industry has a number of wet-
finishing routes that require some form of effluent
treatment. One example is when a chlorine preparatory
treatment is used prior to the addition of a shrinkproofing
polymer [18]. Chlorination is not only extremely effective
as an adjunct to shrink-resist treatments, it is also cost-
effective. Nevertheless, because of recent legislation
introduced to control the level of adsorbable organo-
halogens (AOX) released into the water supply, efforts are
being made to find an alternative [1,2].

This paper describes work carried out evaluating dry
gaseous fluorination as an alternative to chlorination and
comparing its effectiveness to corona discharge. Shrinkage
properties have been examined, and compatibility with
two commercial shrinkproofing polymers, Basolan SW
and Basolan MW (BASF) (both of which are typically
applied to chlorinated fabric), has been assessed.

Corona discharge

The application of corona discharge technology to yarn
and fabric has been studied for many years; it involves the
bombardment of the substrate surface with electrons of
sufficient energy to break covalent bonds [1,3]. In
addition, collision between electrons and components of
the air results in the formation of ozone and nitrogen
oxides [3]. Subsequent reaction between free valence
species on the substrate surface and the corona
atmosphere leads to the formation of a polar surface,
encouraging wetting and adhesion of ensuing polymer
treatments [4]. Amino acid analysis of cuticular protein
indicates the formation of cysteic acid [5,6]. Corona
treatment has been shown to improve shrink resistance
[7.8], yarn tensile properties [9], spinnability [9] and
wettability [10], while treated fabrics and yarns exhibit
superior dyeing properties [10-12]. Improvements in
shrink-resistance and spinnability have been attributed to
an increase in fibre friction [9,13].

Fluorination

Limited work has been carried out into the influence of
gaseous fluorine on wool chemistry and the properties of
wool treated with this gas. Fluorine is known to render
wool shrink-resistant {14], but little additional information
could be found in the kterature. The present treatment
involves exposure of wool fabric to an atmosphere of
nitrogen containing 3% fluorine gas, with exposure time a
function of fabric speed through the reaction chamber. A
commercial-scale plant is available, and previous work
using this equipment has demonstrated that fluorine
treatment raises significantly the surface energy and hence
wettability of several synthetic polymeric materials (such as
polypropylene, poly(vinyl chloride) and polyester) [15].

EXPERIMENTAL

Materials

100% wool botany serge of 190 g/m?, supplied by Whaleys
Ltd, Bradford, UK, was used in this work. Basolan SW
(polyether with terminal aziridine groups dissolved in
isopropanol [16]) and Basolan MW (polyamino siloxane})
were padded (at 45 kg/m?) onto fabrics using the BASF
standard method.

Assessment of fabric shrinkage
Fabric squares (20 x 20 cm) were marked with reference
points (approximately 3 cm from the edge) then relaxed in
water for 45 min (below 40°C). The wet distances between
the points were measured and the resulting area
calculated (the initial area). Wash tests were carried out
using the Wascator FOM 71P machine with standard
program 5A and including 4 g detergent [17].

Fabric shrinkage was determined after each wash cycle
by measuring the new fabric area (the final area) and
comparing it with the value initially found.

Kawabata
The influence of the preparatory treatment on fabric
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mechanical properties both before and after polymer
application was assessed using the Kawabata analytical
technique. Samples (20 x 20 cm) were conditioned at 20°C
and 65% RH prior to testing. Primary Hand Values (PHV)
were calculated based on men’s winter suiting fabric.

Chlorination
Fabric was treated with Basolan DC using the standard
BASF method.

Corona discharge

Corona treatments were carried out at three levels of
severity: 640 W min/m? (low), 960 W min/m* (medium)
and 1280 W min/m? (high).

Fluorination

Samples were exposed to 3% fluorine in a nitrogen
atmosphere. The level of fluorination was dependent on
the exposure time (Table 1).

RESULTS

The influence of all pretreatments on fabric mechanical
properties are illustrated in Table 2. Both fluorination and
corona pretreatments increased significantly the shear and
bending moments and overall fabric stiffness (PHV
Koshi). This is consistent with previous research,
indicating an increase in fibre friction on exposure to
corona discharge [9,13]. Increasing the severity of the
corona treatment resulted in a concomitant deterioration
in fabric mechanical properties. However, with the

Table 1 Severities of different fluorination treatments

Fluorination Fabric Contact time with

level speed (m/s} fluorine environment (s}
High 1 60

Medium 5 12

Medium/iow 10 6

Low 15 4

Table 2 Effect of fabric pretreatment on mechanical properties

Shear Bending
Treatment
Treatment level G 2HG 2HG5 B 2HB  Koshi
Control 0.32 0.31 047 011 004 390
Fluorine  Low 044 146 2086 012 0.08 4.43
Fluorine  Low/medium 0.46 1.58 2.22 013 0.08 452
Fluorine  Medium 046 163 2.18 0.13 0.09 442
Fluorine  High 0.44 141 213 0.13 0.09 450
Corona Low 0.34 0.88 1.24 0.12 0.06 3.86
Corona Medium 040 1.26 175 0.12 0.07 447
Corona High 0.45 152 2.06 0.12 0.08 4.23
Chlorine 0.31 0.63 0.79 0.10 0.06 2.70
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Table 3 Effect of fabric pretreatment on fabric

shrinkage

Shrinkage (%) after

(no. of wash cycles)

Treatment

Treatment level 1 3 5
Control 18 46 61
Fluorine Low 6 11 14
Fluorine  Low/medium 5 9 14
Fluorine  Medium 5 9 15
Fluorine  High 6 11 15
Corona Low 9 16 24
Corona Medium 9 17 24
Corona High 5 15 20
Chlorine 10 26 37

Table 4 Influence of Basolan SW on fabric shrinkage

Shrinkage {%) after
{no. of wash cycles)
Basolan SW
conen
(% o.w.f.) 1 3 5 7

Treatment
Treatment level

Control 25 1 3 12 32
Fluorine  Low 26 0 o] 0 0
Fluorine  Low/medium 2.8 0 1 1 1
Fluorine  Medium 2.5 0 1 1 1
Fluorine  High 2.8 0 0 0 0
Corona Low 2.2 0 1 0 1
Corona Medium 2.2 4] 0 o} 0
Corona High 2.3 0 0 0 0
Chlorine 2.1 0 1 1 2

fluorine-treated samples the mechanical properties
appeared independent of exposure time.

Table 3 illustrates the effect of these pretreatments on
shrinkage properties after one, three and five 5A wash
cycles (one 5A cycle is equivalent to ten domestic wash
cycles). Both corona and fluorine treatments restricted
fabric shrinkage during washing. In contrast to the corona
treatment, where perhaps increased exposure improved
wash performance, the behaviour of the fluorinated
samples appeared independent of treatment time. Whilst
it is evident from Table 3 that all pretreatments reduced
shrinkage, complete machine washability was not
achieved. Samples were therefore treated with two
commercial shrinkproofing polymers (usually applied to
chlorinated fabric) and their ensuing washing and
mechanical properties assessed.

Table 4 illustrates the effect of Basolan SW applied to the
various pretreated and control fabrics on fabric shrinkage.
Table 5 indicates the implication of this treatment for fabric
mechanical properties. At the application levels used,
Basolan SW rendered all pretreated fabrics shrink-



Table 5 Influence of Basolan SW on fabric mechanical properties

Shear Bending
Basolan SW
Treatment  conen

Treatment level (% o.wf.) G 2HG 2HG5 B 2HB  Koshi

Control 2.5 0.55 0.75 098 0.19 0.09 5.1

Fluorine  Low 2.6 0.59 081 138 0.68 013 820

Fluorine  Low/medium 2.8 062 068 146 051 016 7.41

Fluorine  Medium 25 082 088 196 0.20 011 6.37

Fluorine  High 2.8 064 079 148 044 0.13 813

Corona Low 2.2 086 134 191 026 012 6.85

Corona Medium 2.2 065 092 144 028 0.11 6.76

Corona High 23 084 149 194 026 013 6.78

Chlorine 21 055 0.86 117 0.29 013 6.26
resistant. However, bending and shear properties and Table 6 Influence of Basolan MW on fabric shrinkage
overall fabric stiffness increase severely.

The shrinkage results with Basolan MW (an amino Shrinkage (%) after
polysiloxane) applied at two concentrations are given in {nc. of wash cycies)
Table 6, while Table 7 indicates the implication of this Basolan MW

. . . . Treatment  concn

treatment on fabric mechanical properties (at the higher Treatment level (howl) 1 3 5 7
application level). At the lower application levels the

fluorinated fabrics performed slightly better than Control - s 27 a2

. . - . . ontro .

equivalent ;oronawpretreated faf?ncs: At higher apphcanlon 26 1 11 27 40
levels both corona- and fluorine-treated samples Fluorine  Low 20 ; 3 13
demonstrated excellent wash performance. Only the 3.0 0 0 1 2
chlorinated fabric (and control) exhibited shrinkage. The Fluorine  Low/medium 1.4 1 10 22

echanical erties of these samples were excellent. 33 C o1
mech .prop i . p €5 - Fluorine  Medium 14 0 6 17

The environmental impact of the fluorination treatment 57 1 0 0 o0
of wool is currently being examined. Organofluorides Fluorine  High 1.0 0 6 18
cannot be detected by the current AOX test method [19]. 3.2 0 0 o0 o
However, owing to the strength of the carbon-fluorine Corona  Low ;g (1) 13 2:3 o
bond, it is unhkely'th.at carcinogenic species are‘f_orn-\ed. Corona  Medium 14 5 20 35
Furthermore, as this is primarily a surface modification, 30 0 0o 1 0
the formation of fluoride is also limited. The current Corona  High 1.4 1 6 21
effluent legislation covering fluoride ions should not 31 o2 8
restrict commercial adoption of the process. The loss of Chlonne 0 ;‘; ? 2; 132 28
gaseous fluorine or other species from the treatment '

Table 7 Influence of Basolan MW on fabric mechanical properties

Shear Bending
Basolan MW
Treatment  concn

Treatment level (% ow.f.} G 2HG 2HG5 B 2HB  Koshi
Control 3.6 0.36 0.28 0.47 0.12 0.05 376
Fluorine  Low 3.0 038 030 048 0.12 0.04 372
Flucrine  Low/medium 3.3 038 0.31 047 012 004 414
Fluorine  Medium 2.7 0.36 029 041 0.1 0.04 3.84
Fluorine  High 32 0.36 0.23 041 011 003 402
Corona Low 3.0 0.37 028 045 0.12 004 3.97
Corona Medium 3.0 036 0.30 046 0.11 004 372
Corona High 3.1 048 045 0.74 0.11 004 422
Chlorine 2.7 0.33 0.38 049 0.12 006 340
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equipment has also been eliminated by careful design of
the equipment.

CONCLUSIONS

This work has shown that fluorination can be used as an
alternative to both corona discharge and chlorination as a
preparatory treatment for wool. Such treatment inhibits
fabric shrinkage during washing. Complete machine
washability can be achieved by the application of Basolan
MW (at low levels) with no impairment of fabric handle.

* * *
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